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President-R. WEEDEN BUTLER, M.A., M.D., M.Chir., F.R.C.S. [March 1, 1955] The Nature and Significance of Vertebral Osteochondritis [Abridged] PRESIDENT'S ADDRESS By R. WEEDEN BUTLER, M.A., M.D., M.Chir., F.R.C.S. VERTEBRAL osteochondritis is a condition arising, mainly in the second decade of life, as a result of pathological changes at the junction of the vertebral bodies and the intervertebral discs. Like the changes which occur at the same site in later years as a result of the normal ageing process, the changes in the vertebral osteochondritis of youth appear to be essentially degenerative rather than inflammatory, but with the profound difference that the affected tissues are still in a stage of active growth and differentiation.
The condition does not give rise to a single clinical picture, for the pathological process varies in degree, in the part of the spine affected, and in permanence. In 1920 Scheuermann defined one clinical form of the condition as it occurs in the thoracic spine under the name of kyphosis dorsalis juvenilis, and we have been familiar with it since as Scheuermann's disease or adolescent kyphosis. It is a curious fact that, with the exception of the section on the subject in Beadle's monograph on the Intervertebral Disc, published in 1931, in which he recapitulates the work of Schmorl up to that date, and of Lambrinudi's stimulating paper in 1934, little work has been published upon the subject in this country, though the Continental literature is extensive. Moreover, until the last two or three years, we have practically ignored vertebral osteochondritis outside the thoracic spine.
Anatomy.-At birth hyaline cartilage forms a thick layer over the ends of the vertebral bodies and its junction with the newly formed spongy bone is irregular and changing rapidly. Soon, however, a clearly defined cartilage cap is demarcated, that part of the cartilage next to the bone showing a well-marked columnar arrangement of cells forming an epiphyseal zone from which endochondral bone formation gives growth in length of the vertebral body ( Fig. IA) . Later, again, the bone to its rounded margins, there appear in the thicker peripheral margin of the cartilage small isolated centres, at first of calcified cartilage and later of bone, which enlarge and finally fuse to form a flattened ring, wider in front than behind and thicker at its periphery than at its inner margin.
Because in man this ring does not contribute to growth in length of the body but serves mainly as an attachment for the annulus fibrosus and the longitudinal ligaments it is described as an apophysis rather than an epiphysis (Fig. 1B) .
The apophyseal bony centres appear first in the lower thoracic region at about the age of 9 and thereafter up and down the spine. The ring fuses with the body between 17 and 22 to form its slightly raised smooth border. Appearance and fusion of the ring are somewhat earlier in girls than in boys. When the ring has fused with the body there remains encircled by it, as the last remnant of the cartilaginous end of the growing vertebra, a thin layer of hyaline cartilage forming the cartilage plate of the adult disc lying in the depressed central area of the end of the vertebral body (Fig. lc) . The cartilage on the end of the body has, then, three destinies (1) to form bone for growth in length of the vertebral body, (2) to form the apophyseal ring, and (3) to persist as the cartilage plate of the adult disc.
Nowhere else in the body do we find hyaline cartilage which, while busy with growth and differentiation, not only has to bear weight but also to take on a specialized function as part of the bounding wall of an area of tissue-the nucleus pulposus-under great tension and liable to all sorts of stresses from without. Thoracic osteochondritis.-Scheuermann originally thought that vertebral osteochondritis began as an epiphyseal osteochondritis of the bony apophyseal centres and he and others described all sorts of changes in these which he believed to be primary. Schmorl and his co-workers formed a rival school of thought considering that the primary change was penetration of the cartilage plate by nuclear protrusions from the disc with loss of its tension, so that, being held apart by the intervertebral joints posteriorly, the bodies fell together in front, the apophyseal centres being secondarily distorted, and anterior wedging of the bodies becoming established. Today the general feeling is that, although localized disc protrusions always occur, the cartilage as a whole is affected and large areas may become extensively disorganized. If the X-ray appearances in thoracic osteochondritis are carefully followed and analysed it will be found that damage to the cartilage occurs in one or other of two forms. Firstly, if the disc protrusions are small and, even if multiple, evenly distributed, there will not necessarily be obvious kyphosis. There will be a little because disc tension and space have been lost. The apophyseal bony centres may be very little altered in appearance. Secondly, there may be a general disorganization and collapse of a large area of cartilage, usually anteriorly, as well as, or instead of, multiple small protrusions. In this case very large protrusions of disc material may occur through the cartilage, pushing into the spongy bone and passing peripherally, usually anteriorly, between bone and cartilage, and often running out submarginally beneath the apophyseal ring with its bony centres to reach the anterior common ligament. These big areas of cartilage collapse are always found where there is severe kyphosis. The marked anterior deformation of the bodies, though due in part to bone destruction and to the greater pressure that falls on the anterior part of the bodies when disc tension is lost, is increased by the cessation of growth of the front parts of the bodies following disruption of the epiphyseal zone of the cartilage from the underlying bone. Until secondary remoulding has occurred the deformity is, in fact, not at first a smooth wedging, for in the lateral radiograph there are actual steps in the upper and lower surfaces of the bodies (the anterior parts of the bodies being less in vertical height than the posterior because of their cessation of growth both above and below). This is no doubt the explanation of the tardiness in remoulding of the bodies if such a kyphosis is corrected and its great liability to recur. Fig. 2A shows in diagrammatic form the type of thoracic osteochondritis with little kyphosis in which multiple but minor protrusions have occurred. Fig. 2B shows the form with severe kyphosis in which individual vertebrxe have suffered severe damage from the disorganization and collapse of large areas of cartilage with cessation of growth in length of the anterior parts of the bodies where big submarginal protrusions have stripped the epiphyseal zone of the cartilage from the bone. Fig. 2c shows a diagram based on an illustration from Schmorl and Junghanns' book, showing a sagittal section of a disc and the adjacent bodies where there has been a major area of cartilage collapse, and a big protrusion of disc material, including even part of the annulus, has driven into the bone and forward submarginally.
The detached margin includes not only the apophyseal bony centre but also bone which should by rights belong to the vertebral body and which has presumably been formed from the epiphyseal zone of the cartilage after its detachment by the submarginal protrusion. Fig. 3 is an X-ray of an isolated submarginal protrusion in thoracic osteochondritis with considerable resultant wedging of the affected body. These submarginal protrusions may occur at either the upper or lower surfaces of the vertebra and though generally anterior may, as Begg has pointed out, occur posteriorly and occasionally laterally.
Lumbar osteochondritis.-This is far from uncommon, indeed it may well be as common as the thoracic form since symptoms are sometimes entirely absent so that it is only found by chance in the course of radiography for some other condition. Generally there is, however, a period of moderately severe lumbar pain on activity at some stage and occasionally symptoms are severe.
The changes may occur in the lumbar spine alone or in conjunction with thoracic osteochondritis, either simultaneously or seriatim. About half the lumbar cases whose thoracic spines I have had X-rayed show also thoracic changes though these are frequently very slight.
In the lumbar spine the predominant type of lesion is a large collapse of cartilage, usually anterior, with a major disc protrusion which generally pushes forward submarginally, separating part of the apophyseal rim. who, from his history, had probably had the -condition. for a few months. Lumbar osteochondritis is not often detected under this age, though I have seen one isolated example under the care of another surgeon in a girl 6 years old. This boy's symptoms were marked, with lumbar pain and muscle spasm and he could hardly reach below his knees when he stood with them straight. He has not a's yet developed bony apophyseal centres, which would seem to give a final answer as to whether the primary' change is in these centres. There has been a major loss of disc material and the disc space is much narrowed.
The antero-posterior diameter of the vertebral body affected is markedly increased across 897 the centre of the body compared with the vertebra above and below. The original film shows very clearly a curved line of denser bone which I believe represents the cortex of the anterior wall of the vertebral body before the cartilage collapse, new bone having been formed rapidly in front to form a buttress to support the forward submarginal protrusion and the anteriorly shifted apophyseal rim. I believe this is the explanation of the remarkable increase in antero-posterior diameter of the bodies, both in thoracic and more particularly in lumbar osteochondritis where these big submarginal protrusions have occurred. Radiological evidence of the old anterior cortex of the body appears to be visible only in the younger and early cases such as this one and soon disappears. Symptoms are often absent for a matter of two or three years after the lesion is established so that in older adolescents it will generally be absent. Increase in antero-posterior diameter of the affected body is a most useful point in differential diagnosis. No tuberculous or other infective type of bone destruction produces it.
In an analysis of 22 cases of lumbar osteochondritis in patients under the age of 22 I have found about twice as many boys as girls. In those over the age of 16 the lesions appeared to be well established or partly healed, and the impression gained was that most or all of these had been present well before that age. The ages at which they were found were those at which the patients had symptoms, which frequently only meant that they had recently been exposed to extra strain or fatigue. In the same way, the fact that twice as many boys as girls seem to be affected may merely mean that boys, at about the time they leave school, are generally exposed to greater physical strains both in work and play. One or several lumbar vertebre may be affected, and more than one vertebra is affected at least as often as one only. The lumbar vertebrae are affected most commonly in descending order from above downwards. When two or more are affected they are generally adjacent. The shape of these big lumbar protrusions is interesting. In the lateral X-rays they appear as irregular pockets with a narrower extension running forwards submarginally. Anteroposterior tomograms (Fig. 5) show, however, that at their origin the defects extend right across the vertebral body from side to side and they are not so much pockets as areas of collapse involving the whole anterior quadrant of the cartilage covering the end of the vertebra, and the submarginal extension may be a cleft on quite a wide front. Although most of these submarginal protrusions are anterior they may reach the periphery occasionally, as Begg has pointed out, in any direction. Once established they are very slow to show radiological healing. They certainly heal more quickly if weight-bearing is eliminated by treatment in recumbency. Fig. 6 shows the improvement after six months on a plaster bed in a lad of 18 in whom the condition had been thought to be infective.
This brings us to the question of how muth treatment is necessary in lumbar osteochondritis. Considering the degree of radiological change it is astonishing how slight and transitory the clinical signs and symptoms may be, particularly in those with good muscular development, frequently amounting to no more than a moderate degree of backache after long standing or heavy strains. Generally when there is such discomfort it is accompanied by limitation of movement, especially flexion, from spasm of the lumbar muscles.
Moreover, comfort is generally restored rapidly by no more severe measures than the building up of the power of the spinal musculature by deliberate exercises combined with the temporary avoidance of heavy strains and of fatigue. Sometimes with the younger patients or in those with slight muscle power a preliminary short period of rest in recumbency or in a plaster jacket may be necessary to regain comfort rapidly. Most patients can return after a few weeks to active games or to their work if it is not obviously too heavy, and frequently they will have no further trouble even though the radiological appearances are little altered. In the course of time, in spite of full physical activity, the radiological lesions will progress slowly towards healing and by the time growth has ceased, or soon after, the majority of the big bony defects are largely reconstituted although, as we shall see, certain residual radiological signs may persist into adult life. It seems in fact that the only justification for treating lumbar osteochondritis by prolonged recumbency would be the belief that it is important for the patient's future welfare to get rid of the radiological changes as soon as possible. It seems reasonable to argue that, once the cartilage defect is established, the thing that really matters is not the bony defect as seen in the X-ray but the damage that has already occurred in the disc. The tension of the nucleus has been lost, and the disc as a whole must be extensively damaged and prematurely senile, and much of this damage must be permanent.
It does not seem that anything further will be lost by maintaining physiological activity at the maximum that is compatible with lack of symptoms. We should treat the patient not his X-ray films.
Although the clinical signs of lumbar osteochondritis in youth may be slight the radiological changes are often so striking that it would seem likely that they will leave recognizable traces in later life, and this is indeed the case.
Firstly, the increased antero-posterior diameter of the vertebral body often remains detectable, though it may become less noticeable. Secondly, the disc spaces, reduced by the loss of nuclear tension, may remain narrow. Sometimes though severely reduced at the time they seem to enlarge again later. The mechanism of this cannot be fully explained in the present state of our knowledge. Thirdly, some persistent narrowing of several adjacent disc spaces after affection of three or more vertebral bodies may perpetuate a very flat lumbar spine without the normal lordosis. Without other persistent changes it would, however, be rash to say that a flat lumbar spine in an adult was the result of osteochondritis in youth. Fourthly, a large protrusion into the vertebral body, though reconstituted in the main by new bone formation, may be still recognizable as a shallower depression. Fig.  7A shows the lumbar spine in a man of 30 in which all these four features are evident. Finally the separation of a segment of the apophyseal ring by a submarginal protrusion may result in the permanent persistence of a separate fragment of bone, generally at the antero-superior edge of a vertebral body (Fig. 7B ). If marginal protrusions have affected several vertebra these may be multiple. This is such a common radiological finding that it is strange that vertebral osteochondritis has not been long recognized as its cause. The fragment is often too tall to represent only bone from the apophysis and it is clear that this has been augmented by bone formed from the epiphyseal zone of the cartilage separated with the fragment of apophysis. Sometimes the apophyseal fragment reunites with the body but leaves some irregularity, and this irregular margin may be further distorted by new bone formed in the anterior common ligament as a hook-shaped process (Fig. 7c ). Explanation in text. Fig. 8 shows the lumbar spine of an obliging patient in whom every one of these residual features of past osteochondritis is present.
These radiological signs of past osteochondritis occur quite commonly in adults with low back pain, and it is probable that such pain in early middle age is not infrequently associated with the precocious senility of the lumbar discs resulting from osteochondritis in youth. Moreover, though it seems logical to presume that a disc from which the nucleus has largely protruded during osteochondritis is less likely itself to suffer a massive protrusion in later life, it is possible that the loss of the normal lumbar lordosis and of resilience and mobility in the upper lumbar discs from past osteochondritis may make the lower lumbar discs more vulnerable to degeneration and protrusion later. I have certainly seen patients in whom this appears to have been the case, but I can only offer this as an impression rather than as a proven fact. Cervical osteochondritis.-In the past the possibility of vertebral osteochondritis affecting the cervical spine has received little attention. There is, however, no doubt that it does so.
In its active stage it is often symptomless but it may be the cause of recurrent discomfort in the neck or cervico-scapular region.
In the cervical region the cartilaginous ends of the growing vertebra are small. The apophyseal rings are small and thin, and their centres of ossification are very small. These facts, and the presence of the uncinate processes, which in a lateral X-ray film overlap the cartilaginous ends of the vertebrn everywhere except at their anterior margins, impede clear definition of minor radiological changes at the junctions of discs and vertebral bodies.
Generally speaking the radiological changes in cervical osteochondritis resemble more those in the lumbar than in the thoracic spine. It is tempting to think that this may be related in some way to the forward convex curve in both cervical and lumbar regions. Fig.  9 shows the cervical spine in a lad of twenty-one. In the seventh vertebra there is a large anterior submarginal protrusion, very much of the lumbar type. The density of the bone limiting the interosseous protrusion suggests that it has been established for a considerable time. The sixth vertebra shows an antero-superior marginal defect, the edge of the body, which would normally be formed from the apophyseal ring, being absent. A minor degree of rounding off of the antero-superior margin of mid and lower cervical vertebral bodies is not very uncommon. How far this is always pathological is open to debate. When, however, it is really well marked as a step or an oblique slope it seems highly probable that a submarginal disc protrusion has either prevented the normal development of the very small apophyseal centres at this point or has led to their destruction. In Fig. 9 the film has been .10 4mJ a~4 FIG. 9.-Cervical osteochondritis. Male aged 21. Anterior marginal defect in sixth and submarginal protrusion in seventh vertebra. taken in some flexion and not only are the disc spaces between the fifth and sixth and between the sixth and seventh vertebrxe reduced from loss of nuclear tension, but the antero-inferior margin of the fifth body drops almost into the defect on the margin of the sixth. Another feature which we have seen is common in lumbar osteochondritis, persistent separation of a fragment of the apophyseal ring anteriorly by a submarginal protrusion, is also found in the neck. Fig. 10 shows this in the cervical spine of a girl of twenty who had a history of attacks of discomfort in her neck for the previous five years. Now we are all familiar with the cervical spondylosis, most commonly affecting the lower three or four vertebre and the intervening disc spaces, which we, come across from time to time in middle-aged patients. There is much loss of disc spaces and irregularity and marginal lipping of the ends of the vertebre, and frequently a surprising lack of symptoms and of a history which might account for its origin. Such an appearance might be regarded as the result of wear and tear and disc degeneration which is to be expected with advancing years, but it is odd that this should occur in an isolated patch in what is otherwise often a normal spine.
Often, however, there are also present features which we have just seen can be found in young people and which must imply changes occurring before growth is complete. These are the lack of completion of the apophyseal ring with a resulting anterior marginal bone defect, or the presence of a persistently separated apophyseal fragment. There may also be a definite increase in the antero-posterior diameter of the vertebral bodies. Such features are suggestive of similar changes found radiologically in old cases of lumbar osteochondritis. It may well be that most, if not all, of these cases of cervical spondylosis in middle age represent progressive degeneration at the site of an osteochondritis in youth, just as patients who have had thoracic osteochondritis show in middle age a patch of spondylosis with marginal lipping added to the disc narrowing and vertebral wedging. Figs.  1IA and B show examples of cervical spondylosis in middle age. In Fig. 1 A there anterior marginal defect in the fifth vertebra and a persistently separated apophyseal fragment in the sixth. In Fig. 11 B there is a separated apophyseal fragment in the fifth vertebra, and marked. irregular forward prolongation of the anterior margins of the fifth and sixth as well as new bone formation in the front of the intervening degenerate disc. The origin of cervical spondylosis requires further investigation, for if osteochondritis in youth is, in fact, its underlying cause it may also be a precursor of disaster in old age when, with progress of the degenerative changes, the nerve roots or even the cord itself may suffer.
DISCUSSION
It is clear that we must think of vertebral osteochondritis as a process that may affect any part of the spine, and in considering its aetiology and its significance we must free ourselves from the conception that it is a condition particularly affecting the thoracic spine and from the acceptance of any theories that that might imply. The mechanism of the process appears to be a failure of the cartilage on the ends of the growing vertebral bodies to act efficiently as part of the confining walls of the nucleus of the intervertebral disc. The problem is very much the same thing as that of keeping a bull shut up in a stockyard. Whether or not the bull gets out depends both on the temperament, activity and weight of the bull and the strength as a whole and in each separate part of the enclosing fence. If the temperament of a boy makes him keen to do excessively heavy and active work on his father's farm in the school holidays, especially if he keeps on at it when his muscles are tired, he may force out disc protrusions through the weakest part of the confining wall, which in a young and healthy disc is probably the cartilage on the end of the vertebra.
The influence of trauma in the sense of heavy mechanical strain as an aetiological factor is too common to be ignored, at any rate as a final precipitator. Wassmann published in 1951 a paper based on the physical examination of recruits for National Service in Denmark in which he showed that thoracic osteochondritis was eight times more common in lads from country districts than in those from the cities, and he attributes this to the fact that in country areas the boys start heavy work on the farms as soon as they leave school, while in the cities they take up mainly light occupations.
In some patients with osteochondritis there is, however, no history of such trauma.
Poor posture might increase mechanical strain on one part of the spine, but, though occasionally present in early cases, it is certainly not a common factor.
Lambrinudi, thinking only of thoracic cases, suggested that pre-existing tight hamstring muscles, by fixing the pelvis, might increase flexion strains on the spine.
Tight hamstrings are frequently present but not always. I have found them only in 50 per cent of lumbar cases, and it depends to a great extent on the stage of the condition at which the patient is examined. I have found tight hamstrings in a boy in the acute phase of osteochondritis, but a few months later when the acute stage was past they appeared to be much looser. It should be remembered that the hamstrings appear to be tight in any condition in which there is spasm of the spinal extensor muscles.
Many who have worked and written upon this subject have speculated upon the possibility of a pre-existing weakness, localized or general, in the cartilage. The great variation in the way the cartilage gives way, from many minor penetrations all over its surface to single large defects, seems to make it unlikely that we should lay the blame upon such hypothetical weak points as the minute scars of old vascular channels, features that are universally present and give no trouble in the vast majority of individuals. If we are to believe that there is some generalized insufficiency of the cartilage we could find an easy way out by saying that this is congenital. Good evidence for this would be provided if we could show that the condition is familial. That this may be so has been tentatively suggested by Kemp and Wilson (1947) and others, and I happen to know that the mother of one of the boys with lumbar osteochondritis under my care has strong radiological evidence of past osteochondritis in the same vertebre, but in as common a condition as this we should have to see evidence of familial incidence very frequently for it to be convincing.
It is true that in the rare congenital condition of dysplasia epiphysealis multiplex, when, as occasionally happens, the spine is affected, every single vertebral body may show radiologically a diffuse osteochondritis, the cartilage in these patients being apparently unable to resist normal stresses. The boys and girls we have been considering have, however, no such generalized dysplasia. SUMMARY We can summarize our present knowledge of the wetiology of vertebral osteochondritis by saying that it is clear that the mechanical effect of excessive weight-bearing and strain on the cartilaginous ends of the vertebrw is often of great importance, but we must also consider the highly vulnerable nature of the young growing cartilage unprotected by a complete bony epiphyseal plate from the constant and intermittently increased pressure of the adjacent nucleus pulposus.
We cannot understand fully the relevance of the latter until we have more knowledge of the reaction of young growing cartilage to weight-bearing and compression, and of its power of elastic recoil and resistance to varied stresses and even perhaps its reaction to much more general physiological changes.
We must not, however, think of such a problem as this as one only to be solved in the laboratory. Clinical observation and investigation are just as important and without these any other form of research can have little practical value.
